Background& Aims-A history of early adverse life events (EAL) is associated with a poorer outcome and higher levels of distress in adult patients with functional gastrointestinal disorders. EAL is thought to predispose individuals to develop a range of chronic illnesses by inducing persistent changes in the central stress response systems, including the hypothalamic-pituitary-adrenal (HPA) axis. We sought to determine if EAL affects the HPA axis response to a visceral stressor in IBS patients and healthy controls, and to determine if this is affected by sex or related to symptoms or quality of life (QOL).
Introduction
Extensive preclinical and clinical evidence supports the concept that irritable bowel syndrome (IBS) is a stress-related disorder. For example, stressful life events are associated with first symptom onset and symptom exacerbation in a majority of patients 1 and predict development of post-infectious IBS. 2, 3 In addition, experimental stress increases visceral sensitivity 4 and alters gut physiology. 5 However, evidence from IBS patients remains inconclusive regarding alterations in the peripheral output from the two arms of the central stress response systemthe hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS). While there is more agreement about an increase in SNS tone and/or responsiveness, 6 , 7 data about the HPA axis are less consistent. Different laboratories have reported increased basal cortisol levels, [8] [9] [10] enhanced responses to physiologic 11 or psychological 4 stressors, blunted HPA axis responses, 12, 13 or no difference between IBS and control groups. 14, 15 These differences may be due in part to differences in study methodology (e.g., basal vs. stimulated cortisol levels, free vs. bound cortisol, time of day samples are collected) or in the patient populations studied (including presence or absence of psychiatric comorbidity, gender, history of stressful life events).
Interpretation of these findings is complicated by the presence of other modifiers of the HPA axis response in the IBS population. Epidemiological studies have found an increased prevalence of early adverse life events (EAL) in patients with IBS when compared to healthy controls and individuals with organic gastrointestinal disease. [16] [17] [18] [19] [20] EAL refers to traumatic experience or significant perturbations in the quality of the family environment or relationship of the primary caregiver with the child before the age of 14, 21 and includes but is not limited to abuse and loss or severe illness of a parent. 17, 22 When defined in this way, EAL are surprisingly common. In a retrospective study of over 17,000 adults in a U.S. health maintenance organization, over 60% reported at least one EAL before the age of 18. 23 A growing body of evidence from both animal and human studies supports the hypothesis that EAL represents an important epigenetic factor, which can alter glucocorticoid receptor (GR) expression, thereby affecting the responsiveness of the HPA axis, and resulting in life-long changes that predispose individuals with EAL to develop stress-related disorders later in life. 17, 21, [24] [25] [26] Specifically, EAL has been associated with exaggerated HPA axis responses to corticotropin releasing factor stimulation in women 27 and psychological stress in adolescents. 28 However, in HPA axis studies conducted in IBS patients, EAL have generally not been evaluated. In the one exception, 8 the prevalence of EAL was too low in both the IBS and control groups to detect an impact. We therefore sought to test the general hypothesis that stressinduced changes in salivary cortisol responses are associated with the presence of EAL in IBS patients and controls. We measured the salivary (free) cortisol response to a visceral stressor (flexible sigmoidoscopy) to test the following hypotheses: 1) IBS patients have a higher or more prolonged cortisol response to the visceral stressor compared to controls; and 2) The response would be highest in IBS patients with EAL. We also sought to determine whether this response was related to sex, symptom ratings or disease-specific quality of life (QOL).
Methods

Study Subjects and Recruitment
IBS patients 18-55 years of age, who were recruited from specialty clinics and community advertisements, fulfilled ROME II 29 diagnostic criteria and diagnosis was confirmed by a gastroenterologist with expertise in IBS (LC). Healthy controls were recruited by newspaper or internet advertisement from the community, did not have a history of IBS, other chronic pain conditions, or psychiatric illness, and were not taking centrally acting drugs (anxiolytics, narcotics, antidepressants). None of the subjects had taken corticosteroids or other medications that could affect neuroendocrine function in the past two months or had a current history of tobacco or alcohol abuse. For premenopausal women not taking oral contraceptive agents or provera, menstrual cycle phase was determined by the count forward/backward method (menses: first three days of menses; follicular: days 4-14; luteal: day 14 -onset of menses). Serum progesterone was collected to help confirm cycle phase. Subjects were compensated $25 for an initial screening visit and $125 for completing the flexible sigmoidoscopy.
Symptom Measures
Validated questionnaires were used for IBS symptoms (UCLA Bowel Symptom Questionnaire), 30 depression and anxiety (Hospital Anxiety and Depression [HAD] scale), 31 and disease-specific QOL assessment. 32 History of trauma or abuse was assessed by the Trauma History Questionnaire 33 which inventoried the presence and age(s) of occurrence of traumatic events including crime, general trauma and disaster, and physical and sexual abuse. "Early life" was defined as under the age of 14. Subjects were screened by interview for abuse history and psychiatric disorders using the structured clinical interview for the DSM-IV (SCID) by a licensed therapist (MM). 34 
Protocol
Subjects first completed a screening visit. On a separate day, sigmoidoscopy to at least 40 cm from the anal verge was performed in the Medical Procedures Unit between 12:00pm-2:00pm. Subjects were instructed to use two tap-water enemas as the bowel preparation. Saliva samples were collected at 7 time-points: before sigmoidoscopy (baseline), immediately following sigmoidoscopy, and 10, 20, 30, 45, and 60 minutes after sigmoidoscopy.
Salivary cortisol measurements
Salivary cortisol levels were measured using a high sensitivity enzyme immunoassay system (Salimatrics; State College, PA). 35, 36 Intra-assay and inter-assay variation is less than 5% and 7%, respectively.
Statistical analysis
Missing values-For all analyses excluding mixed models, missing values were replaced with the mean value for the subgroup based on disease (IBS, control) and sex (female, male), as long as there was data for the cortisol level at 10 minutes post-stressor, which was the peak cortisol for most subjects.
Baseline characteristics-Groups were compared by chi-square tests for categorical variables, and t-tests for continuous variables.
Cortisol data-All statistical tests requiring normally distributed data were performed on square-root transformations of the data. Data presented in tables and figures is raw untransformed data. For an analysis of cortisol change relative to baseline, cortisol values were divided by the baseline cortisol for that subject.
Group differences-Cortisol response was evaluated by repeated measures mixed-effects analyses using the ProcMixed procedure of Statistical Analysis Software (SAS). Analyses were performed with the 7 cortisol samples as the within-subjects factor and disease, EAL or sex as the between-subjects (group) factor. The model yielding the best fit among the covariance structures was determined by the lowest Akaike's Information Criteria.
Cortisol response summary measures-In order to summarize the response in one variable, area under the curve (AUC) was calculated. 37 Several formulas for calculation of AUC have been described. 38 AUC was calculated with respect to the x-axis (ground) in order to represent the overall magnitude of response (AUC g ) and with respect to the minimum value for each subject (AUC m ). Another summary measure, rate of change, is usually calculated as the difference between the initial value and the maximum value divided by the elapsed time. 37 Because the initial cortisol was sampled prior to sigmoidoscopy, the final cortisol values may represent a more physiological baseline, so the rate of decline was determined by dividing the difference between the maximum cortisol occurring up to 30 minutes post-sigmoidoscopy and the minimum after this time point by the time elapsed between those samples.
Correlation with symptoms-The relationship between AUC and symptoms or QOL in IBS patients was evaluated by bivariate correlation analysis.
Results
Subject characteristics
The characteristics of the subjects are summarized in Table 1 . The IBS patients included 26 women and 19 men, and the control group included 22 healthy women and 19 healthy men. The IBS patients had higher HAD anxiety and depression scores than controls. There were 3 subjects without data on EAL, and there were 7 additional subjects who were eliminated from AUC analysis due to incomplete cortisol data (Women: 1 control without EAL, 2 IBS [1 without EAL, 1 with sexual abuse]; Men: 2 controls without EAL, 2 IBS [1 without EAL, 1 with loss]). Three subjects missing all cortisol data (Women: 1 control; Men: 1 control, 1 IBS; all without EAL) were eliminated from mixed-effects analysis. Eight IBS patients were taking psychotropic medications. Three of the 4 patients on tricyclic antidepressants were on doses (<50 mg/day) generally considered too low to significantly affect mood. Menstrual cycle phases were similar for pre-menopausal IBS and control women as well as for EAL and no EAL groups. Details of the EAL are listed in Table 2 . The types of EAL did not differ significantly by diagnosis or sex.
IBS vs. Controls
The salivary cortisol response to flexible sigmoidoscopy with respect to the presence of IBS, EAL and sex is shown in Figures 1A-D . Salivary cortisol response was similar between IBS patients and controls ( Figure 1A ). The effect of diagnosis on mean cortisol as analyzed by repeated mixed-effects analyses was not significant (p = 0.89). There was also no significant effect of diagnosis on cortisol response after normalizing for baseline levels (p = 0.59). Additionally, IBS and controls had similar cortisol response as measured by AUC (Table 3 ). The addition of sex and age to the model did not affect the results or have independent effects on cortisol response, and there was no interaction effect of disease and sex.
Presence vs. absence of EAL
Subjects with EAL had significantly higher cortisol levels following flexible sigmoidoscopy than those without EAL ( Figure 1B ). There was an overall group effect of EAL on cortisol (p = 0.005), and post-hoc comparisons yielded significant differences at 10, 20 and 30 minutes following flexible sigmoidoscopy. This effect was also present when the values were normalized by baseline (p = 0.0009). There was no significant interaction effect for EAL and disease, EAL and sex or a three-way interaction.
The AUC measures were significantly greater for subjects with EAL than those without EAL (AUC g : p = 0.005, AUC m : p = 0.024, rate of decline: p = 0.014) (Table 3, Figure 2 ). There were too few individuals that met criteria for psychiatric disorders to analyze as a separate group, but HAD anxiety and depression scores were included in the model as covariates and the effect of EAL on these three summary measures remained significant (p = 0.007, 0.027, 0.012, respectively).
The 8 IBS patients who were taking a psychotropic agent were compared to the rest of the IBS group using Mann-Whitney U tests, and were found to have similar baseline cortisol levels (p = 0.69), AUC g (p = 0.97), and AUC m (p = 0.55). Results were similar when compared to the entire study sample. When the main analyses of the study (mixed-models, AUC comparisons) were repeated without these subjects, the results were unchanged.
Although there was no overall interaction effect of EAL and IBS, there was a trend for IBS patients with EAL to have higher cortisol immediately following the stressor when compared to controls with EAL (p = 0.056) ( Figure 1C ).
Sex
There was no effect of sex or its interaction with disease on the cortisol response. However, sex differences in stress-induced HPA axis hormones have been reported 39 and therefore, we analyzed cortisol levels separately by sex. There was a significant group effect of EAL on cortisol among men (p = 0.019), but not among women (p = 0.12). Effect of IBS or interaction effect of IBS and EAL were non-significant in men and women ( Figure 1D ).
Summary measures of cortisol response and relation to IBS symptoms and QOL
Univariate ANOVA with diagnosis, sex and presence of EAL as independent variables showed that subjects with EAL had greater AUC g (with respect to x-axis), AUC m (with respect to minimum cortisol) and rate of decline than those without EAL (Table 3, Figure 2 ). There was not a significant effect of diagnosis or sex on any of the summary measures and there were no two or three-way interaction effects. Within the IBS group, the resolution of cortisol response as measured by the rate of decline from peak cortisol negatively correlated with recent (24 hours) and longer-term (3 months) symptom intensity (r = −0.36, p = 0.03 for both) and positively correlated with IBS-related QOL (r = 0.33, p = 0.045). In other words, the slower the cortisol level returned to baseline, the lower the IBS-related QOL. The magnitude of cortisol response as measured by AUC g and AUC m did not significantly correlate with IBS symptoms or QOLIBS. There was not a significant effect of bowel habit on cortisol response resolution or magnitude.
Discussion
In the present study, we have demonstrated that in response to a visceral stressor: 1) IBS patients and controls with EAL have a greater cortisol response compared to individuals without EAL; 2) This difference was more pronounced among men than women; 3) IBS patients and controls have similar salivary cortisol responses; 4) Among IBS patients with EAL, there was a trend to have higher cortisol levels immediately following the stressor; and 5) In IBS, a slower return of stimulated cortisol to basal levels was associated with increased IBS symptom intensity and lower QOL.
The impact of EAL on cortisol response
The effect of EAL on cortisol response in the current study supports a role for EAL in the development and life-long functioning of the HPA axis. This may implicate EAL as a vulnerability factor for the development of stress-related disorders; however, the presence of increased cortisol response in healthy controls with EAL suggests that there are other mechanisms, including genetic factors, which play a role in the development of these disorders. Our findings of an exaggerated HPA axis response to a visceral stressor are in agreement with those reported in other populations to hormone challenge or mental stress, including adults without depression with history of childhood sexual abuse, 27 adults with parental loss during childhood, 40 and adolescents with EAL and high levels of chronic stress. 28 In addition, in preclinical studies, early life stress in the form of intermittent maternal separation predisposes adult rats to greater and more prolonged plasma corticosterone levels. 21, 41, 42 However, the findings in the current study are not in agreement with several other studies. Both Elzinga et al 43 and Carpenter et al 44 report a blunted HPA axis response to a mental stressor. Although Heim et al. 27 found increased HPA axis response in non-depressed women with a history of childhood abuse, depressed women with abuse demonstrated a blunted response. In our patient population, only 4 of 37 patients with EAL met diagnostic criteria for depression, and none of those without EAL, and therefore we were not able to assess the interaction of EAL and depression on cortisol response. However, studies have supported that an exaggerated HPA axis response in subjects with childhood abuse is independent of the presence of any psychiatric disorder including borderline personality disorder, major depression and posttraumatic stress disorder (PTSD). 28, 45 In Rao et al.'s study examining the cortisol response to a mental stressor in depressed adolescents, the best predictor of an elevated response was a history of EAL combined with current stress. 28 Review of the genetic and epigenetic factors at play in the development of the stress response lends insight into the phenotypic variability that is seen. At the most basic level, genetics play a role in predisposing individuals to develop illness. For example, specific alleles of the GR gene have been associated with an increased risk for depression. 24 Epigenetics refers to modification in gene expression resulting in a change in phenotype without change to the genetic sequence (genotype). The most well-studied forms of this modification are DNA methylation and histone modification. These changes can be passed down meiotically and can permanently alter the expression of genes in somatic cells, an effect referred to as epigenetic programming. 46 In animal studies, fetal exposure to cortisol results in reduced expression of GR in the hippocampus, which decreases negative feedback and results in a greater and more prolonged HPA axis response compared to that in animals not exposed to cortisol. 47 Meaney and colleagues were the first to demonstrate methylation of the GR promoter in rodents associated with perinatal stress, a phenomenon that they subsequently linked to a prolonged HPA response in the adult animals. 48 A recent study published by Meaney's group provides strong evidence to support a similar mechanism in humans by demonstrating decreased hippocampal GR expression and increased methylation of the neuron-specific GR gene promotor NR3C1 in suicide victims with a history of childhood abuse when compared to suicide victims without abuse and to controls without abuse who died of unrelated causes. 49 There was a high prevalence of EAL (46%) among our healthy controls. This prevalence is similar to that in a large HMO, 50 but may not be representative of the general population. A measure of somatization, which has been associated with EAL, 51 would have helped to clarify whether the increased cortisol response in the controls with EAL was associated with presence of non-gastrointestinal symptoms. However, the controls with EAL did not have elevated HAD scores. Data from studies described above 28, 45, 52 also suggests that an alteration in HPA response or GR receptor expression may be a vulnerability factor but is not predictive of the presence of symptoms or psychiatric disorder.
The role of EAL and cortisol response in IBS
Evidence that perturbations during the pre-and perinatal period might contribute to the development of IBS in adults is summarized in a recent systematic review. 17 Examples include a twin study, in which IBS was more prevalent and occurred at an earlier age in the twin with the lower birth weight, 53 and a study associating gastric suction at birth with a diagnosis of a functional intestinal disorder in adulthood. 54 A number of studies have examined the association of traumatic events during childhood including, but not limited to, abuse and loss of a parent, with the development of IBS. 17 Furthermore, an animal model of IBS is based on the occurrence of early life stress (i.e., maternal separation), which predisposes adult rats to develop stress-induced visceral hypersensitivity, enhanced defecation, intestinal mucosal dysfunction, enhanced HPA axis responses and anxiety-like behavior. 41, 55 While there are conflicting reports in the literature regarding alterations in HPA axis responsiveness in IBS, 8 the role of EAL in the development of IBS has never been systematically studied in relation to HPA axis response. In the current study, there was no significant difference in stress-induced salivary cortisol levels or in the time course of the response between IBS patients and healthy controls. There was a trend for IBS patients with EAL to have higher cortisol levels immediately following the visceral stressor. Walter et al 56 saw a similar effect when they found elevated salivary cortisol levels before and after rectal distention in IBS patients compared to controls. This could represent disease-related anticipatory anxiety to the procedure leading to an HPA axis response that is greater in magnitude and perhaps occurs sooner in IBS patients.
While HPA axis response to a visceral stressor does not appear to predict the presence of IBS in adults, we found an association between cortisol response and IBS symptoms. A faster resolution of cortisol to basal levels was associated with less symptom intensity and increased IBS-related QOL, suggesting that HPA axis reactivity has a moderating effect on IBS symptoms. One may speculate that faster resolution reflects a more adaptive phenotype in which GR expression, and therefore negative feedback of the HPA axis, is adequate and a stress response can be quickly attenuated. In contrast, a reduced ability to maintain homeostasis may render IBS patients more vulnerable to severe symptoms and poorer overall well-being. This is supported by a study in rats, in which repeated maternal separation in the neonatal period was associated with reduced glucocorticoid negative feedback as an adult. 57 Further studies are warranted to examine this further.
In the present study, the effect of EAL on cortisol response was most pronounced in men. This is in line with consistent reports in the literature of increased HPA axis responsiveness in men compared to women in the healthy population. 39 However, there is little data on sex differences in HPA axis response in individuals with EAL. The more robust response in men may help explain the decreased incidence of IBS and other pain disorders in men as a reactive HPA axis seems to correspond to a healthier, more adaptive phenotype in disease.
Based on preclinical data, the effect of EAL is not limited to the HPA axis, but affects a range of neurobiological systems, including those involved in antinociception, autonomic responsiveness and behavior. 58 In view of previous reports on an association of EAL with a variety of persistent pain syndromes, 59 including fibromyalgia, 60 chronic pelvic pain, 61 and associated psychiatric conditions, including anxiety, somatization and depression, it is likely that the primary effect that mediates the influence of EAL on morbidity involves other brain systems, including cortical systems underlying cognition (attention, coping) and emotional regulation 17, 62 and central autonomic circuits.
Limitations of the current study include that SNS responsiveness was not measured and therefore it is not known if EAL is also associated with dysregulation of this arm the central stress response. Trait anxiety and somatization were also not assessed. Creed et al. 51 have shown that the level of somatization in IBS patients is associated with symptom severity, QOL and history of sexual abuse. A measure of somatization would have determined whether the effect of EAL on cortisol response is independent of or mediated by somatization. Future studies should also evaluate additional EAL beyond trauma and abuse (e.g., neglect, difficult peer interactions, etc.), and severity of trauma or degree to which the subject perceived events as traumatic.
In summary, we have found that HPA axis response to a visceral stressor is more related to the presence of EAL rather than the presence of IBS. Yet, the presence of IBS has a slight enhancing effect on the immediate stress-induced cortisol response to a visceral stressor. Interestingly in the IBS patients, the faster cortisol returned to basal levels, the lower the IBS symptom ratings and the higher the disease-specific QOL. These results suggest that, analogous to preclinical findings, the early environment can modify stress responsiveness (as indexed by HPA axis responsiveness), possibly via epigenetic programming. Salivary cortisol response to a visceral stressor (flexible sigmoidoscopy [FS]) for IBS and controls (A), subjects with and without EAL (B), subjects broken intro groups by diagnosis and presence of EAL (C), and by sex and EAL (D). Presence of EAL (B) had a significant effect on the cortisol response (p < 0.05). * indicates that there is a significant difference between the groups at that time point in post-hoc analyses. In C, the EAL groups were significantly greater than IBS and controls without EAL, and in D, the men with EAL were significantly greater than men without EAL. Where shown, error bars represent the 95% confidence interval around the mean. Summary measures of cortisol response. The AUCg (A) is the area under the curve to the xaxis, and the AUCm (B) is the area under the curve to a horizontal line at the minimum value for that subject. The response resolution rate (C) is the decrease in cortisol from peak to baseline after the stressor divided by the time elapsed between the two points. All measures are greater in individuals with EAL (p < 0.05). Early adverse life events 
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